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INTRODUCTION 
The past few seasons have been trying ones on the vegetation 
of central and western Kansas. Rainfall has often been as much as 
thirty per cent below average. This deficiency of precipitation 
was accompanied by low relative humidity and high temperatures 
which reduced the amount of soil moisture to the point of non-
availability during long periods of time, for both cultivated and 
native plan ts. 
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These adverse climatic conditions in themselves would be enough 
to greatly reduce plant cover and forage production. ln addition, 
however, farmers, for economic reasons or otherwise, did not reduce 
the number .of livestock, which resulted in further depletion of 
pastures already weakened by drought. 
Dust, blown from cultivated fields, also played an important 
role in decreasing the cover of the native pastures. On numerous 
occasions vast areas of native vegetation were completely covered 
by layers or drifts of dust from adjacent farm land. 
The purpose of this problem was to determine the effect of 
climate, amount of dusting, end degree of grazing by livestock and 
grasshoppers upon the ·~uantity and quality of forage produced by 
various short grass pastures in west-central lansas. 
Since it would be impossible to determine quanti ta.ti vely the 
amounts of short grass cover and forage produced in large plots, 
this study was made on areas one me~er square. The plots chosen 
.were as nearly as possible represente,tive of the different types of 
pastures studied. 
RELATED STUDIES 
Many experimentel studies of clipping have been conducted to 
determine the mineral snd chemical composition of forage under dif-
ferent grazing conditions. ~tudies have also been made to determine 
the effect of clipping upon the amount of forage produced, and the 
amount of food iz:l storage organs. 'l'hese studies were conducted in 
widely different localities and with various plants, usually under 
controlled greenhouse conditions. 8ase {1941) of Kansas, worked 
upon the effect of clipping upon the spread of grass seedlings. He 
found that root systems and forage yields were retarded by clipping. 
Harrison (1959) of Michigan, found that greenhouse-gro~n alfalfa 
gave diminishing returns in root and top growth in direct proportion 
to the decrease in height and intensity of clipping. This was also 
tru.e for the stored starch present. 
Stapledon and Milton (1950) of nales, found that cocksfoot 
plants cut eight times to 6 inches in height considerably outyielded 
those cut ten times to ground level. D. Q. Sturkie ~1950) of ilab .. , 
studied the influence of various topcutting treatments on rootstocks 
ot Johnson il'ass. Experimental evidence show that any cutting treat-
ment reduces the root development, and the more frequentl~ the cutting 
is made the greater is the reduction. Grandfield ll955) of Kansas, 
found that early and frequent cutting of alfalfa resulted in a lower 
carbohydrate and nitrogen content of the roots when determinations 
were made at the end of the growing season. Harrison (1959) in 
working with the response of Kentucky blue grass to variation in 
temperature, light, cutting and fertilizing, found that (a) short 
and frequent defoliations were harmful to rhizomes and roots; 
(b) plants grew very little at 100 degrees F. after defoliating. 
Harrison and Hodgson (1959) in studying the response of perennial 
grasses to cutting treatments, found that, in general, the shorter 
a given grass was cut, the less top growth it produced . The yields 
of underground parts decreased with increase in severity of clipping 
treatment. Stansel, Reynolds, and Jones (1959) in studying t he 
pastures of Texas, found that heavy grazing decreased the for age pro-
duction of native grasses, and increased the yield of weeds. 
DESCRIPTIO~ Ol' THE .REGIO~ WHERE STUDY WAS C • DUCTED 
The areas selected for study near Hays and Phillipsburg, Kansas, 
are typical of the blue grama-buffalo grass faciation on the rolling 
topography of the mixed prairie region of the we st-central ~ortion 
of the state. The elevation is slightly more than 2000 feet above 
sea level. 
The soil is a fine textured, silty, clay loam (Albertson, 1957) . 
Soils on the lower hillsides and ravines have been gradually built up 
from eroded materials carried down the hills by water and gravity. 
The climate of this region varies considerably. The growing 
season is approximately 165 days in length. High temperature, low 
relative humidity, and a comparatively high wind velocity are common. 
The winters are usually mild. The major part of the precipitation of 
from 20 to 25 inches per year is received during the growing season. 
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There are three general types of vegetation, with varying degrees 
of intermixtures, common to the region where this study was conducted. 
The short grass type composed of buffalo grass (Buchloe g.ac:tyloides), 
and blue grama (Bouteloua gracj1i5}, in approximately equal amounts, 
occupies the maor portion of the tablela.nds of this region (Albertson, 
1957). It also occurs at the bases of the hills and frequently on 
the slopes. The mid-grass type composed of little bluestem (Andrgpogon 
scoparius}, and side-oats grama (BouteJ01w. curtJpendula), dominate the 
hillsides and shallow r~vines. The big bluestem (4ncirapogon furcetus) 
type is limited to the lowlands and -v:ell watered places. 
ENVIRONMENTAL CONDITIONS DURING PERIOD OF ~TUDY 
Precipitation 
The total annual precipitation of Hays in 1959 was 15.85 inches 
(Table 1). This was 7.84 inches below normal. In 1940, however, the 
precipitation of 22.91 inches was .52 inch above normal. 
At the Phillipsburg stati9n, the precipitation of only 15.56 inches 
in 1959 was 9.91 inches below normal. In 1940 it was 17.90 inches, a 
deficiency of 5.57 inches. 
Temperature 
The mean monthly temperature and the deviation from normal for 
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TABLE I 
MONTHLY AND ANNUAL PRECIPITATION 
WITH DEVIATIONS FROM NORMAL AT HAYS AND PHILLI PSBURG, KANSAS, 
DURING THE YEARS OF 1939 AND 1940. 
Month Har:s ! Philli ;esbur~ 
1939 1940 I 1939 1940 
,Iwiu~ .ie .z2 • .~z ,gQ 
February 1.05 .35 I • ~a .§a 
March .98 .83 2.54 I 1.73 
I April 1.65 1.57 1.35 1.1:i 
May 1.00 2.41 .S;;S J.ul 
June 4.71 ". a{; I ~.:,9 .44 
Jul;x: 1.04 "*·21 .90 1.54 
August 3.5~ 3.30 2.24 2. 94 
SeEtember .42 3.14 .10 1.62 
October .18 .62 .14 I 1.56 
November .11 2.ss I .T 1.99 
December .70 I .82 I .5§ •QQ 
I 
Total 15.85 22.91 I 13.36 17.90 
Normal 23.69 I 22.59 : 23.27 23.27 . : I 
Deviation -7.84 + .32 a -9 .91 : -5.37 
TABLE II 
MONnILY TEMPERATURES ( T) , WITH DEVIATIONS ( D) FROM NORMAL, 
FOR 'lHE GROWING SEASON, AT HAYS AND PHILLIPSBURG, KANSAS, 
DURING 1939 AND 1940. 
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Station 
s April Jfme : Juiy Auiust :Sept6mber1 
T T D T D T D T D T D 
Hays, 1939 :~3.7 :+l.1:68.6:t6 .6:75.4:+2.8s84.7:+6.1: 78.0:~0.6:75.2:+6.5a 
Hays, 1940 154.0 a+l.4:63.2a+l.2:74.6a f 2.0:82.4af 3.8a75.4:-2.0:71.4 2.7: 
Phillipsburg, 
1939 :53.e 1~1.0:70.l:t7.7:76.1:+4.l:85.0:+5.9: 78.0:-0.3:75.6; ~6.9a 
Phillipsburg, 
1940 152. 2 ,-o .6 :6 2.eat 0.4175.8a+3.8:83.4:+4. 3: 76 .4s-l. 3: 70 .6 :+l . 9: 
the months of April to September inclusive, are given in Table 2. 
This period iB considered the growing season and i s , therefore, the 
most critical for plant growth. 
The mean temperature at the Hays station for these months 
during 1959 and 1940 are considerably above the normal, especially 
during the summer of 1959. In 1940 the t emperature was still above 
average, but not as excessively so as in 1959. 
The 1959 growing season at the Phillipsburg station had above 
normal temperature, in all months except August. While in 1940, it 
was only slightly above normal for all months. 
Soil Moisture 
Soil moisture determinations were made on the moderately grazed 
area at Hays, and on the non-grazed and heavily grazed areas at 
Phillipsburg. The samples were taken to a depth of 5 feet once 
each month during the growing season. The percentage of soil 
moisture above the hygroscopic coefficient is considered to be the 
amount of water available for plant growth. 
At Hays, moisture was available in the top 6 inches of soil 
until July, in 1959. During the remainder of the season, water was 
unavailable to plants at all depths except in a few cases of negli-
gible amounts below 5 feet (Table 5). Soil moisture was available 
for plant growth in the top 6 inches of soil during most of the 1940 
season. Below this level it was unavailable in most cases, except 
in August when there was a small amount available in the first foot. 




PERCEN'l'Au.t!. uF AVAILABLE SOIL MOISTURE 
lN 'l'til!, lllVDERATELY GRAZED SHORT GRASS 'l'Y.l".t!i al' HAYS, KANSAS 
FOR 'lHE GROWING SEASONS OF 1939 AND 1940. 
' ' ' I ' Ma:y: sI1me sl:UlI August Se:etemiil: 
: ' ' Depth 1939 1940 1939 1940 1939 1940 1939 1940 1939 1940 
a ' ' ' 0-6" 3.5 7.3 o.s 4.0 2.9 -5.3 -3.4 13.3 -4.2 1.5 
J ; J ; J 
6-12" 1.7 1.3 -o.7 0.6 -.2 -1.2 -1.a 1.3 -2.5 0 
' ' ' ' 12-24" -1.0 -2.s -1.6 -2.1 -1.3 -1.7 -2.2 -1 .2 -1.8 -0.5 
' I a ' ' ' ' 24-36" -1.s -1.7 -0 .. 1 -2.3 -0.1 -1.8 -1.3 -1.9 -1.s -2.7 
I ' ' l , ' I 36-48" -1.5 -o.s 0.9 -0.6 0.3 -0.6 0.5 0.4 0.3 -2.0 
; ; ; 
I 48-60" I •l.l I 0.9 ' 1.0 I 1.4 a 1.8 a o.o 1.a, 0.6 'o.s ,-i.21 
TA.t)LE IV 
PERCE1-..TAGES OF AVAILABLE SOIL MOISTURE 
AT THE PHILLIPSBURG LOCATIOL'1S .lfOR THE GBOWfoG oEASOiiS OF 1959 AJD 1940. 
Dept& . Location : M!l : June Julz AUgy§t :~~12:temb~[ . 
: 1959 19~ . ~§9 : 1~40 195~ 1940 li59 1940 :195j:lj40 . 
0-6 1:u2n-gi:ftzmi lfi.a 1~.s -Jti -1.~ -7.~ ~a7 -z., i.2 -,2.5 • . . . . : : QVi;ti;caze,g.· ll.~ . ll.i 1.z . Q.§ . -~.l -~.Q i.7 . ~.,Q -5.l -l.5 
6-12 . non-grazed: 15.1 .J5.~ . -2.0 ; -0.6 5.1 ... 2,a Q.4 . -1.,e_ •-0s4.:.-l,5 . 
overgrazed 7.5 2.4 -0.8 o.o -2.9 -0.2 -1.5 -1.7 -0.5 -0.4 
non-grazed: : 
. . :_1.2= a.a -- -Q.6 . 0.1 -1.0 o.o -1.8 . -1.5 -0.1 Q.O 12-£411 
: over~azed: -1.8 -2 •. Q -Q.a ; -l.i -J -~ -l.5 Jal -l.i :-1.,s=-Q.i 
24-5611 I non-grazed1 -0.6 -1.5 • -1.0 -1.2 -1.7 -2.1 -c -1.5 -1.5 -1.6 -1. 7 I I overgrazed 0.2 -0.6 -0.1 -0.7 o.o -0.1 -0.6 o.o -0.1 0.5 
non-~azed: 0.5 -e.a : -0.7 -0.7 -1.0 . -1.4 0.2 0.4 :-0.5:-0.1 5~4811 . 
• ove,;rgra~ed1 0.9 0.5 • o. § 0.6 0.9 1~2 0.5 0.5 0.2. 1.0 
48-6011 non-g,tazed 5.1 o.o 0.5 0.4 0.1 0 •. 2 0.4 0.4 0.6 o.a :· . . : : overg;ra~ed J: .§ Q.8 J;.O Q.9 Q.9 0.7 -Q1i 1.5 -.6 0.§ 
available moisture in the upper 24 inches during the month of May 
(Table 4). During July and August it erlended to 12 inches below 
the surfa.ce, but in September none was available below 6 inches. 
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In 1940 available moisture was present in May and August to a depth 
of 12 inches. At the lower levels the moisture was unavailable 
during both seasons. 
The soil moisture on the overgrazed area at Phillipsburg was 
available to a depth of 12 inches during May, 1939. During June and 
August the available moisture e xtended only to a depth of 6 ihches, 
and none was present at any of the depths of July and September. 
The only availabl~ soil moisture present during the 1940 growing 
season was in May when it was present to 12 inches, and in August 
when it extended to only 6 inches. The overgrazed location had less 
soil moisture in the upper 12 inches than did the non-grazed. This 
may be due to the more abundant vegeta.tion of t he non-grazed g_uad-
rats holding a greater quantity of snow and rainfall. However, 
when considerable moisture was available the soil in the non-grazed 
area held slighUy less moisture in the lower levels, due probably 
to a greater number of roots which resulted in a greater loss of 
water through transpiration. 
METHOD O.e' ::;TU.DY 
Two, one meter quadrats were staked out adjacent to each other 
in each area selected near Hays and Phillipsburg, Kansas. These 
areas, though few in number, were representative of the region under 
study. They were protected from grazing by barbed wire eKclosures 
(Figure 1). During 1959 some quadrats were protected from grass-
hopper infestation by a cover of window screen. All the quadrats 
were charted in early summer of 1959 and 1940 with a pantograph to 
determine the percentage of short grass cover. The grass was 
clipped at such intervals as to simulate, as nearly as possible, 
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average grazing conditions. All vegetation, both annuals and short • 
grass, was air-dried and weighed. The percentage of cover and 
total amount of forage in pounds per a.ere for each year were deter-
mined. 
Precipitation and temperature records were obtained for 1959 
and 1940 from the Government Weather Bureau (Flora). The amount of 
soil moisture was determined each month to a depth of 5 feet from 
samples secured by use of a geotome. 
The following classification of the pastures selected for 
study is based upon the factor having the greatest influence upon 
the condition of ·the pasture when the problem was initiated: 
(1) non-grazed, (2) lightly grazed, (5) moderately grazed, (4) 
heavily grazed until 1955, and lightly grazed thereafter, (5) 
overgrazed, (6) moderately dusted, and (7) heavily dusted. 
Since this classification was made on the basis of the in-
tensity of grazing and dusting at the time the study was initia ted, 
it would not apply to seasons of optimum temperature, rainfall and 
soil moisture conditions. 
The non-grazed areas were those where grazing was not practiced 
Figure 1. Small exclosure used in study. It is 
large enough to protect two quadrats from live-
stock. 
at all, or it was restricted to light grazing during winter months. 
In some cases a crop of hay was removed during late summer or early 
autunm. 
Pastures with. a grazing intensity of 50 acres or more per year 
for each animal unit were considered lightly grazed. The area se-
lected at Hays had been subjected to a very careful grazing program. 
The owner of the pasture had practiced deferred grazing during the 
years of e,ccessive drought prior to this s.tudy. All livestock was 
removed when climatic conditions became too adverse for continued 
production of short grass. 
Pastures of 20 to 50 acres for each animal unit were classed as 
having been moderately grazed. These locations at both Hays and 
Phillipsburg were not subjected to heavy grazing during early spring 
or winter. Watering and salting places were also distributed over 
the pasture in such a manner as to furnish good range utilization. 
The overgrazed areas had a grazing intensity of less than· 15 
acres per animal unit. The one at Phillipsburg was grazed at the 
rate of 4 acres per animal unit for year-long utilization. 
lB 
Unless otherwise specified, all the areas were subjected to 
light dusting during the years prior to this study. The most severe 
dust storms occurred in 1955 when l ayers of silt often several inches 
in depth settled on the vegetation. Since light dusting was constant 
over the area it was not considered a deciding factor in producing 
the variation in ground cover or forage production of short grass. 
At the Hays station some of the moderately grazed areas were 
also heavily or moderately dusted. At Phillipsburg, however, only 
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those heavily dusted were studied. The heavily dusted locations were 
in close proKimity to plowed fields in which the soil was in a finely 
pulverized condition. The grass in the area selected for study was 
often entirely covered by a blanket of dust. During 1939 the dusted 
areqs at Hays were heavily infested with grasshoppers. After re-
peated counts, it was found that approKimately 6 grasshoppers were 
on each square foot of ground. 
RESULTS 
The results of this study are presented in the order of increas-
ing intensity from the non-grazed to the heavily grazed and heavily 
dusted conditions. 
Non-grazed 
The basal cover on the non-grazed quadrats at Hays increased 
from 56.4 per cent in 1959 to 58.7 per cent in 1940 (Table 5). The 
forage production, however, lost slighUy from 1978 pounds per acre 
in 1959 to about 1941 pounds in 1940. The production of weedy 
annuals such as Hordeu,m pusillum, Lepidium depsiflorum, and others, 
decreased from 176.2 pounds per acre in 1939 to 80.5 in 1940. 
At Phillipsburg the two quadrats were selected on a non-grazed 
area. One 9.uadrat was composed of blue grama (Bouteloua gracilis), 
and spring annuals such as Hordeum pusjJJum, Lepidjum densiflorum, 
and others. The basal cover of blue grama decreased from 57.6 per 
cent in 1939 to 18.6 per cent in 1940. The forage yield was reduced 
TABLE V 
PER CENT BASAL COVER AlvD YIELD 
IN POUNDS PER ACRE OF SHORT GRASS 1U'4D WEEDY A!-4~UALS 
Pounds per ~ere 
Location Condition Per cent cover gru~ W§~gla 
1959 1940 1959 1940 1939 1940 . . 
Hals Non-grazed 36.4 ~a.z ia:za Ja4] J 76 2 80 3 
:Non-grazed, . . 
Phillipsburi Bout eloua gracilis 57.6 18.§ 608 l:Zi as2 828 
:Non-grazed, 
Phillipsburg Bouteloua curtipendula 28. 9 0 852 0 556 
i 
2295 . 
Ha;rs Lightl;}'.· g£azed 86. 6 92.0 g56~ g731 9Q 10 :I: . : : : . 
Hays Moderately grazed :28,9 5] . 7 455 444 5,6 819 
Phillipsburg Moderately grazed 49. 8 15.4 1226 267 419 1689 . 
Hays 
Heavily grazed until 1955, 
i li~htlz t hereafter 24. 7 17. 5 412 445 98 38i 
PhilliEsburg.Overgrazed . ;&fi . 2 . i§ . 2Z2 z. 2 · JQB . 2~'.Z'.Z 
Mod. dusted, without 
Hays i grasshopper infestation 27.7 33.1 1206 . 1045 I 301 2367 
Mod. dusted, with 
Hays : grasshopper infestation 27.8 36.8 59 . 9 992 246 2269 
Hays 
Heavily dusted, without 
jc!est~tjon 4. 9 5. 5 445 205 928 2577 
Heavily dusted, with 
Hays =gra~~ho~~~r inf~~t~tiQll !1. f2 ~- 5 126 ] 2:Z 9:Z6 250] 
PhilliEsburg:Heavili dusted lQ. 5 Q Q ue 2~Q 
I-' 
CTI 
Figure 2. Photograph to show graphically the rel-
ative amount of short grass produced under dif-
ferent conditions for a period of two years. The 
largest sack represents the yield on the lightly 
grazed condi tio at Hays, Kansas, and the remain-
ing sacks r~ge successively less in the follow-
ing order: non-grazed at Hays, moderately grazed, 
moderately dusted atJlqs, moderately grazed at 
Phillipsburg, heavily grazed until 1955, lightly 
thereafter at Hays, moderately grazed at Hays, 
moderately grazed, heavily dusted at Hays, heav-
ily dusted at Phillipsburg, and overgrazed at 
Phillipsburg. 
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¥igure 5. Photograph to represent the amount of an-
nual weeds produced from the same quadrats as given 
in figure 2. From right to left each sack presents 
graphically the amount produced under the following 
conditions: moderately grazed, heavily dusted Hays, 
moderately grazed Phillipsburg, heavily grazed until 
1955, lightly thereafter Hays, heavily dusted Phil-
lipsburg, nongrazed Hays, and lightly grazed Hays. 
17 
Figure 4. Meter quadrat in non-grazed short grass 
area at Hays, Kansas. Basal cover in the fall of 
1940 was 58.7 per cent. 
Figure 5. Meter quad.rat in non-grazed short grass 
at Phillipsburg, Kansas. The basal cover of 18.6 
shows clearly the destructive effects of drought. 
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to about 1941 pounds in 1940. The production of weedy annuals such 
as Hordeum pusillum, Lepidium densiflorum, and others, decreased 
from 176.2 pounds per acre in 1959 to 80.3 in 1940. 
l9 
At Phillipsburg the two quad.rats were selected on a non-grazed 
area. One quad.rat was composed of blue grama (Bguteloua ~raciJj~), 
and spring a.TU1uals such as Hordeum pu5jJlum, Lepidium densif lorY.!!!, 
and others. The basal cover of blue grama decreased from 57.6 per 
cent in 1939 to 18.6 per cent in 1940. The forage yield was reduced 
from 608 pounds per acre in 1959 to 174 pounds in 1940. The depleted 
condition of the grass may be noted from figure 5. The forage pro-
duction of the annuals decreased from 962 pounds per acre in 1939, 
to 828 pounds in 1940. 
The cover on the meter quadrat located in the side-oats grama 
decreased from 28.9 per cent in 1959 to zero i n 1940. The yield 
suffered a similar fate, being 852 pounds per acre in 1959 and nil 
in 1940. However, the weed production increased from 556 pounds 
per acre in 1959 to 2295 pounds in 1940. 
Lightly Grazed 
The basal cover and forage production were much better on the 
lightly grazed areas than on those non-grazed at Hays (Table 5). 
The cover on tlhs well managed range was 86.6 per cent in 1939; and 
92 per cent in 1940. The short grasses, especially buf falo grass, 
covered the ground in a dense mat, and remained fairly green during 
most of the dry season of 1959. The yield of short grass was 2562 
Figure 6. Meter quadrat in lightly grazed short 
grass range at Hays, Kansas. The cov in 1940 
was 92.8 per cent. 
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pounds per acre in 1939. In 1940 the yield on the same area was 
increased to 2731 pounds. The weed production, chiefly Hnrd@um 
pusillum, was 90 pounds in 1939, but dropped to only a trace in 
1940. 
Moder~tely Grazed 
Short grass cover on the moderately grazed location at Hays 
increased from 28.9 per cent in 1939 to 51.7 in 1940. During the 
hot summer months of both 1959 and 1940 the grass was dry and brown 
for several weeks at a time on this area; consequently, there was 
little change in cover. The forage production of short grass in 
1959 was 455 pounds per acre, and only 11 pounds less (444) in 
1940. There was a great increase in the number of weedy annuals 
during the season of 1940, as indicated by the increase from only 
3.6 pounds per acre in 1959, to 819 pounds in 1940. 
At Phillipsburg the short grass cover on the moderately grazed 
quadrats suffered a significant loss during these two seasons. In 
1959 it was 49.8 per cent, while in 1940 it had been reduced to 
only 15.4 per cent. The grass was fairly green during a part of 
June, 1939, but during t..~e remainder·of the season it was dry and 
brown. These extremely dry conditions had a very pronounced effect 
upon the production of vegetation. The yield was decreased from 
1226 pounds per acre in 1959 to 267 pounds in 1940. With the 
decrease in cover and yield of short grass there was a significant 
increase in the weed population. The yield of weeds in 1959 was 
419 pounds per acre, and 1689 pounds in 1940. The condition of 
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Figure 7. lleter quadrat in moderatel.7 grazed short 
grass range at Hays, Kansas. The cover in 1940 
was 51.7 per cent. 
l"igure 8. Meter quadrat in moderately grazed pas-
ture of short grasses at Phillipsburg, Kansas. 
The cover in 1940 was 15.4 per cent. 
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the grass in September, 1940, is shown in figure 8. 
Heavily Grazed Until 1955, Lightly Thereafter 
These quadrats, near Hays, had a short grass cover of 24.7 per 
cent in 1959, while in 1940 it was 17.5 per cent. The production 
of short grass forage was 412 pounds per acre in 1959 and only 
slightly more (445 pounds) in 1940. Annual weeds such as HordeJ1ro 
pµsillum, Plantago purshii, Lepidjum depsiClax:u.m, and others, 
produced 98 pounds of forage per acre in 1959, and 584 pounds in 
1940. 
Overgrazed 
This pasture at Phillipsburg had been heavily grazed for 
years prior to this study. The quadrats selected had a 25.6 per 
cent ground cover of short gr~ss in 1959, and only .48 per cent in 
1940. Figure 9 shows the depleted condition of the quadrats on 
September, 1940. The grass was very short and dry during most of 
the growing season of 1959, and did not have sufficient stamina to 
survive the winter of 1959. This area produced 272 pounds of short 
grass forage per acre in 1959, and only 7.2 pounds per acre in 1940. 
Conversely to the loss of short grass cover and forage production 
was the large increase of weedy annuals such as Salsala pestjfe_r, 
Amaranthus retrofleg:us, and Qhenopodium ..alb.Y,m. These plants pro-
duced 108 pounds of forage per acre in 1959, and 2577 pounds in 
1940. 
Figure 9. This barren meter quadrat 1s typical ot 
the overgrazed short grass at Phillipsbur0 , Kansas. 
The cover in 1940 was only .48 per cent. All weeds 
were moved before photograph was taken. 
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Dusting and Grasshopper Infestation 
At the Hays station, areas moderately dusted and heavily dusted 
were found to be badly infested with grasshoppers. The cover on t..~e 
moderately dusted areas without and with grasshopper infestation was 
about the same through both seasons. In 1959 the areas without in-
festation had a cover of 27.7 per cent. In 1940 it had increased 
to 55.l per cent. The infested quadrats had a cover of 27.8 per 
cent in 1959, and 56.8 per cent in 1940. Even though the increase 
in cover from 1959 to 1940 was not significantly different in the 
areas without and with infestation, there was a marked reduction in 
yield 1n the infested areas when compared to those not infested. 
The moderately dusted area without infestation yielded 1206 pounds 
of short grass per acre in 1939 and 1045 pounds in 1940. Similar 
areas with infestation produced only 59.9 powds of short grass in 
1959 and 992 pounds in 1940. 
There was no signif icant difference in the yield of weeds 
whether or not the areas were infested with grasshoppers. In 1959 
the production was 501 and 246 pounds per acre respectively for the 
areas without and with infestation. The more favorable growing con-
ditions of 1940 caused a very definite increase in the yield in 1940 
over that of 1959. The area without infestation produced 2567 pounds 
of weeds per acre while the infested area produced 2269 pounds per 
acre. 
The heavily dusted areas without infestation had only 4.9 per 
cent short grass cover in 1959, and 5.5 per cent in 1940. This is 
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much less than that of the moderately dusted quadrats subject to 
the same degree of grazing and grasshopper infestation (Table 5). 
This area produced 445 pounds of short grass forage per acre in 
1959 and 205 pounds per acre in 1940. The annual weed production, 
composed chiefly of Salsola pestifer, Amaranthus retroflerus, and 
Chenopodium ~, was 928 pounds per acre in 1959. This production 
was increased to 2577 pounds in 1940. 
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The areas heavily dusted and with grasshopper infestation had a 
cover of 4.5 per cent in 1959, and 4.3 in 1940. This was only slightly 
less than where protection from grasshoppers was afforded (Table 5). 
The yield of short grass, however, was greatly reduced, being 126 
and 127 pounds per acre respectively for 1939 and 1940. The acre 
yield of weeds was 976 pounds in 1959 and 2501 pounds in 1940. This 
was not greatly different than on the areas protected from grass-
hoppers. 
Heavily Dusted 
These areas located at Phillipsburg had 13.3 per cent short 
grass cover and produced 295 pounds of forage per acre in 1939. Hy 
June, 1940, the dust had completely smothered out the short grass. 
The barren condition of the location after the annuals had been re-
moved is shown in figure 10. With this depletion of grass the pro-
duction of annuals increased from 148 pounds per acre in 1959, to 
2520 pounds in 1940 (Table 5). 
Figure 10. Meter quadrat on the heavily dusted short 
grass type at Phillipsburg, Kansas. No grass was 
alive when the photograph was taken in 1940. 
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APPLICj,TIO~ 
The results of this study indicate the necessity of good 
range management for successful utilization of range grass. It is 
believed that enough evidence has been compiled in this paper ·to 
recom.~end moderate grazing and careful control of dusting at all 
times. This is especially true during years of adverse climatic 
conditions. 
Over a period of years the farmer or rancher will always 
profit financially by careful management of range land. 
DISCUSSIO~ 
The vegetation in pastures that had not been grazed for sev-
erE}l seasons suffered considerable loss in cover and forage pro-
duction under adverse climatic conditions, but remained fairly 
constant wider average environmental conditions. The deposition 
of dead top growth of the grasses on non-grazed prairies often re-
duced the ground cover, and number of young seedlings. 
The lightly grazed pastures proved to be in the best condition 
of any pastures studied. For the two years that this study was 
conducted substantial gains were noted for both ground cover and 
short grass forage produced • .Annual weeds were crowded out. 
The forage production of moderately grazed quadrats remained 
constant under average climatic conditions. Under adverse con-
ditions, however, the short grass cover and forage production de-
clined, and the number of weedy annuals increased. 
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Studies made where the vegetation was covered with screen, 
protecting them from grasshopper invasion, indicated that an exeess 
of grasshoppers reduce the yield of short grass ver-f significantly. 
The ground cover did not suffer a corresponding reduction. Since 
only the tips of the leaves are eaten by grasshoppers, it would 
be reasonable to anticipate a reduction in only the yield where 
there is a significant infestation of this insect. 
The pasture that had been heavily grazed until 1955 and 
lightly grazed since that time had a moderate increase in short 
grass forage produced under average climatic conditions. Weedy 
annuals, such as Hord0 um pusjJlum, and Lepidjum depsiflorum, made 
a corresponding increase. 
Short grass pastures heavily dusted resulted in an almost 
complete loss of palatable forage, with a great increase of weedy 
annuals, less heavily dusted pastures were af fected in a lesser 
degree. 
The practice of heavy overgrazing resulted in an almost total 
loss of forage production of short grass if continued over a period 
of years. Conversely this practice caused an enormous increase of 
annual weeds of low palatability. The practice of overgrazing is 
especially detrimental if attended by adverse climatic conditions. 
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SUMMARY 
1. The non-grazed quadrats produced a good yield of short grass, 
but less than that of the lightly grazed plots. This indicates 
that a well managed grazing program is beneficial to the short 
grasses. 
2. The forage yield and per cent ground cover of short grass 
were greatest on lightly grazed quadrats. 
5. Moderate grazing maintained a constant forage yield and short 
grass cover, except under extremely adverse climatic conditions, 
when a considerable decrease in short grass yield and cover was 
noted. 
4. Careful grazing practices following heavy grazing caused an in-
crease in forage yield, but not on the basal ground cover of 
short grass. 
5. Overgrazing caused an enormous reduction of short grass forage 
production, and a corresponding loss in ground cover: con-
versely an increase in weedy annuals was generally the result. 
6. Dusting caused an enormous loss in production of short grass 
forage and per cent ground cover. Weedy annuals, however, made 
a great increase. 
7. Heavy infestation of grasshoppers reduced short grass yield. 
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